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Introduction
The conservation of imperiled species requires monitoring of their populations and the abundance and distribution of their habitats (Nichols and Williams 2006, Yoccoz et al. 2001) . Monitoring changes in habitat suitability is particularly challenging for species that are inconspicuous and occur over large regions (e.g., Huff et al. 2006) . Frequently, land managers need to adapt the results of small-scale autecological research studies on a target species for use in rendering decisions about the effects of some management activity on a species' habitat. This is a cumbersome process and one fraught with interpretation issues. Research projects that are relevant to habitat management decisions typically produce some form of predictive habitat model. These models are built by relating animal location to vegetation and topographic covariates to estimate the distribution and value of habitat within a study area. Researchers, however, often conduct their investigations in relatively small areas over short timeframes, and managers are tempted to extrapolate the findings outside the bounds of reasonable inference.
Moreover, smaller scale study areas are often chosen because they contain high densities of the organism of interest but may not be representative of the variety of conditions to which the species is exposed. These problems can lead to errors in application. Perhaps more important, the researchers rarely use methods that are easily implemented within the forest planning platforms used by managers and decisionmakers. This is because the researcher's choice of predictor variables (the environmental covariates) is usually based more on what they think will affect habitat choice by the target species than by what variables are available to forest managers for use in applying the model. The researcher often creates a studyspecific habitat sampling protocol (e.g., Zielinski et al. 2004 ) that does not lend itself to application or adoption by those responsible for forest management and species conservation. Moreover, the research investigation is based on assessing the status of environmental features within a single period. When the environment changes, owing to natural or human disturbances, there is no opportunity to update a model's predictions because it requires collecting new field data in the treated area.
Some research approaches, however, are less vulnerable to these shortcomings.
It is possible, for example, to monitor categorical classes of wildlife habitat, and to evaluate the effects of silvicultural treatment on these habitats, when habitat is grossly defined as a set of particular vegetation or land-cover types (e.g., oak woodlands versus mixed-conifer forests) and is measured remotely via aerial photography or satellite imagery (e.g., Larson et al. 2004 , McDermid et al. 2009 , Vallecillo et al. 2009 ). These habitat relations, however, are crude, and such measures are sensitive only to major changes in vegetation type over time and are insensitive to the more subtle changes in vegetation structure and composition caused by thinning, small group selections, partial harvests, uneven management in general, and prescribed fire. In addition, the categorical habitat approach is often not repeatable and only focuses on landscape-level predictors, excluding important information that occurs at other scales of habitat suitability. An improved approach is to spatially model vegetation structure using forest inventory data and to classify wildlife habitat conditions in a geographic information system (GIS) (e.g., McDermid et al. 2009 , Spies et al. 2007 ).
More difficult to assess are changes to the important, but localized, habitat elements such as nest sites or resting or roosting sites (Huff et al. 2006 ). These microhabitat features can be essential, but are exceedingly difficult (and expensive) to assess and monitor over large regions. Traditional research products, including several that the senior author (WZ) has co-authored (e.g., Slauson et al. 2007 , Zielinski et al. 2004 , also fail to provide managers with easily used quantitative tools to predict how alternative land management practices will affect the habitat values that are influenced by these microhabitat features. However, new initiatives are beginning to exploit the availability of government agency vegetation databases as the basis for predictive models (e.g., Dunk and Hawley 2009 , Dunk et al. 2004 , Fearer et al. 2007 , Huff et al. 2006 , Welsh et al. 2006 ).
We provide in this report an example of how wildlife researchers can produce results that can be fully integrated with (1) management agency programs that monitor vegetation status and (2) the existing software that simulates the effects of management alternatives on forest structure and composition. Using the fisher (Martes pennanti) in the southern Sierra Nevada as our example, we demonstrate a research program that is co-developed with the Forest Inventory and Analysis (FIA) forest inventory program (Bechtold and Patterson 2004) and the Forest Vegetation Simulator (FVS) (Dixon 2002 , Wycoff et al. 1982 such that foresters, biologists, and planners can use routinely collected FIA data and FVS to assess the status of predicted fisher resting habitat and to evaluate the effects of alternative forest management scenarios on future resting habitat value. We provide examples of two applications: (1) monitoring the status and change of fisher resting habitat on public and private lands in the southern Sierra Nevada and (2) simulating the effects of alternative silvicultural treatments on fisher resting habitat in the Sierra National Forest in California. Our work complements the important related work conducted by Huff et al. (2006) where FIA/Continuous Vegetation Survey (CVS) inventory plots were used to estimate nesting habitat for marbled murrelets (Brachyramphus marmoratus) in the Pacific States. Their work provides the best example, to date, of developing a habitat model using institutional plot-based vegetation data to estimate microhabitat features over large regions.
Our approach, and that of other researchers beginning to appreciate this method, differs philosophically from the typical approach, whereby a researcher convinces the forest management and planning officials to adapt the reseacher's models and to measure the predictor variables originally identified by them.
Instead, we yield to the greater potential of developing the research, from the ground up, using sources of vegetation data that are regularly collected for inventory purposes and that can be integrated into software programs regularly used by foresters and silviculturists to predict forest change.
Methods

Developing the FIA-Based Fisher Resting Habitat Model
The foundation for this work is a predictive resting habitat model for fishers in the southern Sierra Nevada that uses variables from the FIA plot sampling protocol as predictors. This work has been described previously (Zielinski et al. 2006 ) but will be briefly reiterated here and placed in context of the conceptual approach ( fig. 1 ).
We developed a predictive resting habitat model by comparing vegetation and topographic data at 75 randomly selected resting structures with 232 forest inventory plots from the FIA system in the southern Sierra Nevada. Fisher resting structures are important habitat features that are typically cavities in large-diameter trees and snags where a fisher seeks refuge during periodic resting bouts (e.g., Zielinski et al. 2004 ). Resting structures were located during the course of two studies on the resting habitat ecology of fishers in the Sierra Nevada. The first was conducted from 1994 to 1996 in the Sequoia National Forest in Tulare County (Zielinski et al. 2004) and the second from 1999 to 2000 in the Sierra National Forest, Fresno County, California (Mazzoni 2002). Animals were captured, fitted with radio-transmitter collars and tracked to their resting locations.
Vegetation attributes at fisher resting locations were measured using the FIA vegetation sampling protocol (Christensen et al. 2008 , USDA Forest Service 2007 by centering the FIA plot on the resting structure. The FIA protocol involves the collection of vegetation data at four or five (see details regarding this variation on p. 5) subplots within a 1.0-ha circular footprint. Within each subplot, a nationally standardized set of attributes are measured or estimated, including live and dead trees, site productivity and topography, stand structure, and disturbance history.
In addition, regionally important measurements are taken, including understory vegetation composition, the quantity of downed wood and litter, ground cover, and other physical features (see Christensen et al. 2008 Step 1: Compare the FVS and the FIA predictions to make sure they are reasonable.
Step 2: Create a "fisher" module in FVS.
Step The revised (current) protocol is referred to as the "FIA annual inventory" and includes four subplots and nested fixed-radius subplot sampling. The new protocol is nationally consistent and viewed as a more efficient means for monitoring tree growth and mortality over time. Because the stand-level variables in the fisher model are aggregated at the plot level (i.e., subplot values are combined for each estimate), they should not be highly sensitive to plot design. Nonetheless, a primary concern regarding implementing the model, and using it for future monitoring of fisher habitat, was whether the variables in the model were estimated similarly 1 Parametric models assume that the variables can be characterized by some type of a probability distribution, whereas nonparametric models do not rely on assumptions that the data are drawn from a given probability distribution.
using the old and new protocol. To explore the extent of this variation, and to reassure us that the change in protocol would not be a problem, we selected 69 fully forested FIA plots on the Sequoia and Sierra National Forests between 1100 and 2300 m elevation that had been sampled using both protocols and had experienced no substantial disturbance (e.g., fire, timber harvest, avalanche). The majority of these plots were remeasured within 4 or 5 years so that the primary difference in the values for the vegetation variables, and in predicted fisher resting habitat value, was the difference in the sampling protocols. We used correlation analysis to evaluate the differences in estimated values of predictor variables and in the habitat values predicted by the model for the two sampling schemes. We expected some differences among measurements at each plot owing simply to the spatial variation in tree density and the different locations of the subplots; means and distributions of predictor values were used to indicate whether the change in plot design would affect the fisher model predictions.
Preliminary analyses: estimating the predicted resting habitat values in FVS-
The Forest Vegetation Simulator is a forest growth and yield forecasting system It was necessary to reproduce, in FVS, the predicted fisher resting habitat values that were generated from the FIA plot data. Although the original fisher model was a nonparametric GAM, we also reported a parametric version of the best predictive model (Zielinski et al. 2006) . We reasoned that providing a parametric version would make the model easier to apply, as it was a simple algebric expression, compared to the necessity of applying statistical software and loess smoothing functions, which are necessary using the GAM model to generate predictions with new plot data. The parametric version was created by evaluating the shapes of the response curves of each of the variables and substituting an approximate parametric form (e.g., linear, polynomial, logarithmic). Slopes and intercepts for the parametric function were estimated using general linear models. This version proved far easier to implement in FVS than the original nonparametric version and was used for all FVS applications. crown ratio in the estimate of dominant tree canopy cover. In FVS, however, crown position is not an input variable, so the problem is estimating which trees should be included in the estimate of canopy cover. After trying various classification rules, we decided to use 50 percent of the height of the 90 th -percentile tree in the height distribution on the plot as the lower cutoff point (which we referred to as the "50-90 rule"). By using the height of the 90 th -percentile tree, we avoided biases caused by the predominant trees on some plots. We could not simply modify FVS to allow crown position as an input variable because, although this crown position would be true at the time the plot was originally sampled, we would not have an algorithm to model its change over time as we simulated future disturbances such as fire and silvicultural activities. Therefore, providing for crown position upon input is not enough; rules and methods to dynamically change a tree's crown position over time as other stand dynamics are happening would also be required. As an alternative, we used the "50-90 rule" to estimate which trees fall into the class from which canopy cover is estimated. Trees that met this standard, and which also were > 1 inch (2.54 cm) dbh and > 30 percent crown ratio, were included in the calculation.
We used the Fire and Fuels Extension (FFE) (Reinhardt et al. 2007 ) to track snags in FVS, including the dbh of the largest conifer snag, a variable in the model. The FFE does not track each snag separately, but tracks them in 2-in (5.08-cm) dbh classes. There are eighteen 2-in classes that track snags up to 36 in (91.4 cm) dbh; snags larger than 36 in become members of the 19 th class. However, the FFE tracks heights of snags entering each class, and if the height difference is greater than 20 ft (6.1 m), then the class gets split into two classes. The dbh of the largest conifer snag was estimated using the average dbh of the largest dbh class on plots that included a conifer snag.
To explore the magnitude of difference that occurs in the variables and the model output when using either the original FIA process for estimation or the process as replicated in FVS, we selected data from five FIA plots in the southern Sierra Nevada. We used these data to compare the original FIA estimated value with the FVS estimated value for each of the six predictors in the fisher model. We also compared the model output (predicted fisher resting habitat value) that was produced when (1) the original FIA method for estimating the variables was used versus (2) the FVS version of the variables was used. We sought to confirm, in particular, that our approximations for canopy cover and largest conifer snag would result in no substantial difference in the predicted resting habitat value when represented in FVS, compared with the original predicted resting habitat values in FIA.
Monitoring Status and Change of Predicted Resting Habitat
We used the GAM version of the best predictive model (Zielinski et al. 2006 ) to estimate relative resting habitat suitability at each of the FIA plots that fell within the 1100 and 2300 m elevation range within and near the four national forests in the southern Sierra Nevada: Eldorado, Stanislaus, Sierra, and Sequoia. Values of each of the six predictor variables in the best model were derived from the data at each plot and put into the GAM model to generate a predicted probability of resting habitat value that ranged from 0 to 1. We illustrate the monitoring value of these data by comparing the mean predicted values from plots that were sampled in the mid-1990s (the Region 5 periodic inventory) with those sampled in the mid-2000s
(the FIA annual inventory). For the purposes of this example, we refer to the first period as "1997," the midpoint of the period 1995-1999 when the plot data were collected. The FIA annual inventory, which started in 2001 in California, is designed to sample 10 percent of the total plots each year, such that a monitoring cycle is concluded in 10 years. Thus, we refer to the midpoint of the second period 
Simulating the Effects of Silvicultural Alternatives Using FVS
An important feature of FVS is the event monitor, which allows the user to conditionally schedule management activities such as harvests and natural disturbances, based on a set of conditions that must occur or thresholds that must be reached. The event monitor contains predefined variables but also allows the creation of custom variables. Some predefined variables are tied to specific FVS extensions. The predicted fisher resting habitat value is estimated via a predefined FFE event monitor variable, which we call FISHERIN (calculated using the variables and coefficients in the parametric version of the model [Zielinski et. al. 2006] ). The initial step involves activating the FFE (using the keywords FMIN and END), so that snag information is being tracked. The FVS can then calculate the predicted probability of resting habitat value, both before and after each harvest, vegetation treatment, or disturbance using a COMPUTE -END event monitor sequence.
As a demonstration of how one would use FVS to evaluate the effects of various treatments on predicted fisher resting value, we chose data from nine plots in five forest stands in the Sierra National Forest. These data were collected in support of an unrelated project, utilizing typical stand exam procedures. Plots were chosen with the goal of including a range of likely predicted fisher resting habitat values such that there were three plots each with low, medium, and high predicted fisher resting habitat value. For these plots, the value for the slope variable was derived from the stand the plot occurred in, and was not measured at the level of the plot.
Each plot was subjected to a control (untreated but allowing for growth) and three simulated treatments in FVS: thin from below with a 12-in (30.5-cm) maximum diameter limit and a minimum of 60 percent canopy cover retained (12-in & 60%), thin from below with a 30-in (76.2-cm) maximum dbh limit and a minimum of 50 percent canopy cover retained (30-in & 50%), and thin from below with a 40-in (101.6-cm) maximum diameter limit and a minimum of 35 percent canopy cover retained (40-in & 35%) . Trees that were < 4 in (10.2 cm) dbh at the time of simulated harvest were not removed, because there is typically no market for them.
The three thinning scenarios, varying along a harvest tree size and canopy cover continuum, were applied (via simulation) to the plots in their current (2009) were not intended to evaluate specific prescriptions that were being considered by forest managers on the Sierra National Forest; rather they were simply an example of the range of typical prescriptions that are available to managers of mixed-conifer forests on the west side of the Sierra Nevada.
Results
Preliminary Analyses: Addressing Changes in the FIA Protocol Sierran forests may be particularly patchy (more spatially variable) compared to other forests (e.g., North et al. 2004) , resulting in greater differences between plot designs than might be expected in other forests. Nevertheless, the similarity in the means and standard deviations for most attributes and the resting site probabilities (table 1) suggests there were no substantial effects of plot design on the distribution of values calculated. The exception was the calculation of dominant canopy cover, which may have resulted from differences in how crews were instructed to code tree dominance (e.g., by layer height vs. by light exposure). Nonetheless, the similarity in mean predicted fisher resting site probability among plot protocols for the nonparametric model (0.156 vs. 0.165) suggests the effect of differences in canopy cover calculation was not substantial.
Preliminary Analyses: Estimating the Predicted Resting Habitat Variables in FVS
The differences between the estimates for each variable calculated from the FIA data versus those generated in FVS were generally small, are distributed about zero, and average very close to zero (table 2). The FVS approximation for percentage canopy cover is the most error-prone of the variables (table 2) . Although the calculated values for predicted resting habitat may not be identical when compared to those generated from the FIA data, they are close and useful as an index of the predicted value for the purpose of comparing management alternatives.
Monitoring Status and Change of Predicted Resting Habitat
The 
Simulating the Effects of Silvicultural Alternatives
In our example, FVS simulated the effect of treatments over 15 years at nine plots that differed considerably in their initial predicted value to fishers as resting habitat ( fig. 3) . Plots with the highest initial predicted suitability (bottom row, fig. 4) had greater canopy cover, greater variation in tree size, and more hardwood and large snag components than those with much lower predicted values (top row, fig. 4 ). Not surprisingly, the magnitude of treatment effects was greatest for plots that began with In general, predicted resting habitat value decreased proportional to severity of thinning (and the decrease in canopy cover). The fact that control plots increased in predicted habitat value over time ( fig. 3) 
Characteristics at 2009
Plots and predicted suitability Figure 4 -Stand visualization system images of the current state (2009) of nine plots on the Sierra National Forest described in the Forest Vegetation Simulator. The plots were chosen to include three plots with low, medium, and high predicted resting habitat value. Predicted resting habitat value is noted in lower right corner of each image.
Figure 5-Stand visualization system images of the future simulated state (2024) of two plots (numbers 979 and 982) on the Sierra National Forest that started with relatively high predicted fisher resting habitat value. The 2024 condition is simulated for three conditions: (1) no treatment, (2) thinning to a 12-in (30.5-cm) dbh maximum and down to 60 percent canopy cover (12-in and 60%) and thinning to a 40-in (101.6-cm) dbh maximum and down to 35 percent canopy cover (40-in and 35%). The number of small trees that are present after the thinning treatments represent those that were smaller than the 4-in (10.2-cm) minimum 15 years earlier, at the time of simulated harvest (see "Methods"). Predicted resting habitat value is noted in lower right corner of each image. Prior to the availability of this tool, most public land managers were using crude, expert-opinion-based systems, such as California Wildlife Habitat Relations (CWHR) system (Mayer and Laudenslayer 1988), to estimate the effects of various treatments on fisher habitat. When not using these very general models, land managers often applied the results of research on fishers conducted at nearby small study areas, typically at scales that are inappropriate. In other words, they did the best they could, given the quality and quantity of information available.
An exception is a similarly quantitative tool, which we are developing and testing in cooperation with managers on the Sierra National Forest. This new project uses FVS to understand how the simulated results of landscape-level treatments differ from the characteristics of home ranges chosen by female fishers. 2 This work will provide, for the home range scale, a tool similar to that developed here at the scale of the resting site.
The approach we used, of building models with FIA-based predictors, can be applied to other species provided that researchers plan, from the beginning of their work, to measure FIA-based variables at locations of importance to the species of interest. For example, we have used FIA plot data to predict the occurrence of terrestrial salamanders, mollusks, and rodents (Dunk and Hawley 2009 , Dunk et al. 2004 , Welsh et al. 2006 . For these small vertebrates and invertebrates, one can build a model to actually predict occurrence (or even abundance) of the species on existing plots within the FIA annual inventory system, provided that the plot can be sampled without disturbance. Although the models constructed for these small species were developed using FIA plot data, they have not been vetted through the FVS system and thus require more examination before they can be used for the various purposes proposed here for the fisher model (see fig. 1 ). It would not be difficult, however, to prepare them for this purpose.
The approach for species that use larger areas must be different. As demonstrated here for the fisher, and for other species that use areas that are much larger than the typical 1-ha FIA plot footprint, models must be constructed by installing new FIA plots centered on a habitat element of conservation importance (e.g., a resting, denning, roosting, or nesting site) or distributed at relatively high density within forest stands of particular importance to the species. predicted values from our model can be used in a similar fashion, to contrast resting habitat value among national forests and between public and private lands. Moreover, if we assumed a threshold predicted value, above which sites are assumed to be "resting habitat," our model could also be used (sensu Huff et al. 2006 ) to estimate the amount and distribution of resting habitat. Every predictive habitat model has spatial boundaries. The model we have developed applies only to the area over which we collected the resting site data from radio-collared fishers, which includes relevant elevations on the west slope of the Sierra and Sequoia National Forests. Applications for other portions of the fisher's range will require the development of separate models. We are in the process of doing this to predict resting habitat in northwestern California, and we expect that the variables in the selected model will be quite different than those that appear in the model used here. This has already been confirmed in habitat selection work that was developed outside the FIA framework; variables that predicted fisher resting sites in the southern Sierra Nevada were different than those that predicted resting sites in northwestern California (Zielinski et al. 2004 ). Thus, we caution against applying the current model outside the southern Sierra Nevada.
During the course of developing the model for the southern Sierra Nevada, we learned that we could probably improve future applications for fishers, and for other species, in terms of how two of the variables were estimated from FIA data or interpreted in FVS: canopy cover and slope. The derivation of canopy cover was indirect and awkward in FVS, requiring information from the FIA plot data about the dominance status (predominant, dominant, or codominant) and crown ratio, by species, for all trees > 1 in dbh. We believe that the estimation of canopy cover would be easier to generate, and less variable, if it excluded consideration of dominance status and was based instead simply on total tree cover. Percentage of slope, in developing the original fisher model, was estimated at each plot. However, when the model is applied to new plots, which may not have been measured using the FIA protocol, slope may not have been measured at the plot, only at the level of the stand. This was the situation for the test data evaluated in our examples (figs.
3 through 5). When measured this way, all plots that occur within the same stand will have the same value for slope, regardless of the true slope at the plot. Given how influential the slope variable is in estimating the predicted resting habitat value (Zielinski et al. 2006) , this can result in an application of the model that predicts resting habitat value with less precision. We suggest that as practitioners plan to use this model, they should use slope data measured specifically for each plot.
Forest planning is an increasingly complex process in which the stakeholders demand a rigorous and scientific approach. Linking our description of fisher resting habitat to FIA and FVS fulfills the need for quantitative predictions of the effects of forest management scenarios. Land managers are not served well by the research community when we do not provide tools that are useable to them. Without such tools, managers will continue to use literature reviews, results from small-scale studies, general habitat models (e.g., CWHR models; California Department of Fish and Game 1992), or their professional opinion to evaluate the effects of proposed management actions. The various publics that scrutinize land management planning documents are sophisticated and call for increasingly more exacting standards to evaluate the effects of proposed actions on species and their habitat. Our approach fulfills that need for analyses of fisher resting habitat that occur in the southern Sierra Nevada.
Successful application of a wildlife habitat model that is integrated with institutional forest monitoring and prediction requires considerable effort. This work cannot be done by a wildlife biologist in isolation. It requires front-end co-development with specialists familiar with the inventory, monitoring, and forest simulation technologies that will be used to describe the effects on the target species. Research must be designed for application, in much the same way an experiment is designed, a priori, to be statistically valid. We describe here the process of translating research results into a quantitative tool for decisionmakers.
The fisher provides one example of how habitat assessments for other species of wildlife could be advanced if they were developed together with managers, in a language familiar to managers, and with their implementation success as a goal. 
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